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Abs喇 ：This cc~sidersthe probl~ of T曲LIs【H outputfeedback eot~ ller forlineartlm~delay syst~ s 

岫  惮  A sufficient colld~ollintermsofquadraticmalrixi嘲 esisobtailaed，whielz gumolteeslbe 

衄 is qu,~'afically st~tlfilizablewifll di啦Ⅱb皿。e aO．cnlla~oninthe s㈣ ofH*一啪 vI丑a s~ictly 由 outtxlt 

back coolrotleroffull cider．Stldl a eot~ ller c趾 be cons拄1删  lbe solutic~ of 幽 ncmalrixineq叫 她
．
Itis曲帆  

dlatia 8ome c璐 the 墙蚓 cmatllxinequalities canbe solved by c0m啦血gthem intolinearmalrix_岫cq瑚恤i蔗 withlbe鲫  

variables． 

KeyWOlf ftlm~delay m s；It m州  

1]loelml~ t eode：A 

一 类不确定线性时滞系统的输出反馈鲁棒 H 控制 

郑连伟 黄守东 刘晓平 
(东北太学理学院-沈阳，l10006) (东北太学信息科学与工程学院-沈阳，ll0006) 

摘要：研究具有仿射参数不确定性的线性时滞系统的鲁棒 H。输出反馈控制器设计问题．得到了一些二次矩 

阵不等式，证明了如果它们有解，贝 从它们的解可以构造全阶严格真动态输出反馈控制器．它能保证闭环系统二次 

稳定且具有 H。范致意义下的干扰抑制能力 进一步证明了在某些情况下，这些二次矩阵不等式可以化为线性矩阵 

不等式来求解 

美蕾词：时滞系统；H。控制 ；输出反馈；不确定性；线性矩阵不等式 

1 bll Oduc 

Sincemne-delays a匝efrequently∞colⅡ1ter0dinNysi— 

calWc~esses andvery Of[1~I1 am tbe caIlses ofinstability 

and poor pc l嘎m∞∞ of control syste~ns， lime-delay 

systems。0Il 眦 ∞ ．蛐 portarIt class of system of both 

~heoretical and practical s ．cance．h recent yeats， 

considerable att~fion has been paid to山e H*control 

problemsforlinearlime-delay syste~nswith~ncertainty， 

e．g．，for norm-b~nded ln1c tai口ly，stale feedback 

H ~ tmller designmethods have been q”s。d in【1 

— 3]，and m ~ -ver-based H ~atmller design 

In I刚 hasbeen givenh[4j．Intbe zese~ch ofIlIIC．~T一 

linear sy TIs，two typjcal~r_．ertainties a佗norm— 

bc岫ld。dl】IIa川ainty锄-d y幻pic咖cc吨I ．So far， 

me control 曲 l啪 s for linear血nE卜c Iay sy劬那 with 

polytopie lⅡlcl：n have not been rep删 ． 

h lbis paper， coI商d the 锄 ofm lstH 

0ITIpI】t feedback eontmller蚓  for m 出 jn linear 

tin． delay sy曲 ns．Tl ~ taimy is assl瑚1。d to be 

poly~ c，i．e．，吐 mn 哦咖咖 叩 如lc一 

1y inmem 。曙ofthe sta自e_叩∞em0d吼．As a stability 

d} ，tbe no,on 0fquadratic曲 is ad删 ．A 

sLl id舶t砌 lditl0n，埘妇 which a r0 H strictly 

pIop口由 c m卸咀 feedback o0咖∞ll叮of full 

exists，is derived诅 咖 s of quadraticm iIleq 一 

ties．By帆 rIs oftheir solutions．tbe e~tmlleris cons- 

* 硼d蕊嘴li旧n：；． 珥。：1l，ll the Q帅 TrainingPmgram 岫 b锄fornl血Ls，sL眦 c亡删血s 0fc 血m(199345)柚d她 N撕∞ - 

ral SdeⅡ∞ Rmnd舐on of a血 (删 删 ) 
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Ⅱuct。d．which quadratically stabilizes the system and 

~hicvcs a pmsclibcd Icvcl of H 一nolnl bound of lIle 

closed-loop syst~ ．Itis sb0wnthatin 8印1le cases such 

quachaticmaUixinequalities canbe solvedby cm verthg 

them into linearmaUix inequalities with the salrm vail— 

ables，which{3Lrl be easily solved with efficient numeri— 

cal md± ，see，e．g．，l5 J． 

2 Problem statement 

Consider the fonow~ u口c既tain limar system with 

~hycd slam 

f (f)=(A+△A) (f)+(Al+AA1) (t—d)+ 

l (B1+AB1) (￡)+(B2+AB2)u(‘)， 

1：( )=(Cl+AC1) ( )+(Cll+AC11) (￡一d)+ 

{ (D1l+ADl1)w( )+(D12+ADl2)u( )， 

l (f)=(C2+△C2) (‘)+(C21+AC21) ( 一d)+ 

l (D21+AD21) ( )， 

L (f)= (f)， ∈[一d，0]， 

(1) 

wllere*(￡)∈丑 jsthe state，u( )∈丑 js恤 con~ol 

input，st)(t)∈m isthe disb】rbanceinputwhichbelongs 

to [0，∞)，z(t)∈皿 istIle comroUed output，Y(t) 

∈ Ⅳ jstheⅡ 越；I】r目啷 t output，and d>0isthe皿一 

knowntime delay， ( )∈ isthe continuousjIli 

functiou，A，A1，Bt，B2，Ct，Cn，C2，C21，Dll，D12 and 

D21 arc known oDnstant nla ces with appropriate diJi~n— 

sions．Itis assumedthat(A，B2，C2)is stabilizable and 

detectable．AA，AA1，AB1，AB2，△C1，ACn，AC2，AC21， 

ADlt，△Dl2andAD21 arc polytopic uncem inty inatglces， 

which are linear maUix f]llmlions ofpossibly time-vary— 

iDg voctor ( )=( l( )，⋯疋( ))∈ ，e．g．，AA 

=  A1+⋯ + AJ where AI，⋯ ，A；arc known con— 

sI趾 t m aR：ices
． The uncmt,qmty v0ct町 占(f)is assumed 

to rangeinthe polytop~ 

D=i( l，⋯， )∈Ⅱ8=|： ∈[ f， ]}． 

Let 

Ⅱl1+ S1l 

Ⅱ + s 

C1d 

比 Y+碣dvT 

A l，+c!l△vT 

l，+ 肌  dvw 

Ⅱn + Sl 

Ⅱ∞+s22 

C1 X+Dl2d【， 

AL 

厶 

Ch 

肌 +uT巩d 

— f 

D 

c d 

硒  

D ={( l，⋯， )∈E'：31= f∞ = } 

denotetIle vertex set ofD ．whidl coatains 2 elemen~． 

The aim ofthis paperis to design afull order output 

feedback conRollex 

t C

A

c 
t l+ ’ ㈨ 【u()= * ()， ⋯ 

such thatthe resulting closed-loop syst~  

( )= ( ) ( )+ l( ) (f—d)+百( ) (1)， 

( )= ( ) (f)+ l( ) ( —d)+(Dn+ADn)"(f) 

is quadratically stable and has the H 一n bound 7，i． 

e．，subjecttothe m 0n ofthe ZglDinitial ccnditioa， 

the ccmtr~ ll z(t) 2≤7 w(t)l』2is satisfied． 

3 Main results 

Our pIoc is KIs酣 Oilthefollowing lcm— 

Rla，which canbe casily provedby"l'heom 1inl6J． 

I．~mma1 Ifthem exist sym ~ ic posi~dve definite 

nla岫ces Q and S suchthat 

A(3)Q+QAr(3)+S Q ( ) 雷( ) l( )Q 

( )Q 一， Dll+△D1l l( )Q 

( ) 现+△玩 一严， 0 

Q可( ) Q研( ) 0 一S 

<0 

(3) 

for all a∈n ，then system(3)is quadmticany stable 

and hastheH 一norm bouml 7． 

In the sequel，denote 

Ala = A1+ AA1，Bm = BI+ABt， 

Cld CI+ACt，Cnd = C1：+ACll， 

Dlld = Du +△D儿，DI2~,= D12+ △Dl2， 

C21A = Czt+AC2t．D2m D2t+ADz1， 

for saving space． 

Themxmt1 There exist a cont~oRex(2)and sym- 

m 乜jc positive definite m ccs Q and S such that(3) 

holdsif and onlyif曲阱e~v,,ist皿 工i。巳sX > 0，Y > 0， 

S11> 0，S > 0，U，V，Z，and Sl2 suchthat 

l△+ 仞 21d 

ld 

Dlla 

一  1 

0 

0 

1△ + 21d 

Am 

Cnd 

0 

一 S1l 

— s 

YA1 + 2l 

Al 

C1l 

0 

一 Sn 

— S 

< 0 

(4) 
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衙 all ∈ n ，where 

／／l1=Y(A+△A)+(A+J"A) y+V(C2+ 

△c2)+(c2+△c2) V1"， (5) 

／／12=g + YJ',AX + YJ',B2U + VJ',C2 +△ ， 

1I =(A+△A)X+x(a+AA) +(B2+ 

AB：t)U+ (B2+AB2) ， (6) 

md 

． 【 ]>。． 
Moreover．也e con~ llermatrices c betaken aS 

A = (， 一，)一 (YAX+} +VC2X+AT z)x一， 

C =删 ～，B =X(，一蹦 )一V． 

Proof Partition Q in(3)as 

Q=【轰 
with Ql2∈ ．wi吐loml0辐ofge~rality，Ql2c叽be 

assumed协 be inveaible．Let 

= d ag{，，Q }， =diag{Tl，，，，，Tl{， 

= 【 一 
and T4= diag{T3，，，，，T3I．Left and right multiply 

(3)by n碍and T2碍．Define 

R=xogo Q — ，y=R一 +X～． 

西】1 

withII 

虬d 

西12 

晌叻 the state tramfon-nati~a = Q 一‘露 协 

the~mtmller(2)，and defjniIIg 

U = ，V =一 R ， 

g = M  + t'B2U — R一 A + 2 + A ， 

the n 。m  c begmved． 

sin。e nm eonffm．s only 2 elements，(4)aIe 

quadratic matrix inequalities．We flOW give a sufficient 

eor~ tkm for their~lvability in 证黜 of linear n x 

inequalities．1he。0】诚 d∞ needsⅡlc de∞ 0si60ns 

AA=D 己，△B2=DB ．AC2=D (7) 

wI the factors aIe li唧 ma x nmd of ．of 

collffilll~ma岫oeswith印 q)fiate dimensi0Ils．Nffae吐Iat 

such dc∞叫p0sm。ns always喇 st since鲫 ne白抽 璐 c姐 

be c}K略en aSidentityⅡ啪咄 csifnecessary． 

'l~ rem 2 DecolIlp0scAA，△丑2，AC2 asin(7)． 

Ⅱ for some positive scaI躺  l， 2，￡3， 4，也ema岫oesX 

> 0，Y> 0，S】1>0，U．V，andZ aIe solutions of n1c 

followingI．aMIsfor all ∈nm，m曲 崎  tl1 

5恐=￡ X2 and SI2=0 a s0l ons of(4)for all ∈ 

D ． 

【： 一 】<0， 

Ⅱ1I+SIl g+△I4 c ld+ 2l△ Id+ 2Id l△+ 21△ 

g + △A ／／恐 髓  + D Bld AId A1△ 

Cld CId + Dt2dU 一 ， Dll Cll△ Cl1d 

B y + D dV B D d 一 72， 0 0 

A y+c △ c；1 0 一S1l 0 

A y+c d c；1 0 0 一e4工 

arIdⅡ∞given by(5)越d(6)，respecuvely， r【Illla andtheirI。c 

A B + B A ≤ A 甜 + B G一‘B 

吼 VD 0 0 0 0 

0 0 0 船： 豌 嬲 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

西∞=diag{~i- ，，￡ ‘，，Ei‘，，￡l，，E2，，e3，，E ，}． 

Proof Setting Sl2=0，522=E4 in(4)，眦dleft 

and right multiplying(4)by diag{，，，，，，，，，，X l， 

thet．~ igm c鼬 beproved bythe ScNtr complementfor- 

for 

G=aiag{el J， 2J， 3 J}． 

Remm~ 1 In nlc R|c e‘lu面Dtl印 啦 曲 for 

norm-~ ded~ -taimy developedin l4j，s(1rnelIl~- 

trices must be specified first． jn M  LMI ap- 

pmach everymatrices am determined acc0 协 nlein- 

equality(3)．This is(yne advantage of M 叩pI∞ch． 

One adw岬 of ol1r~ maehisthatit~plies协 

Ⅱm  general systemswhenthe u~ taimyisl~lytopi~． 

血【4j， mea output lll on and the~ tmlled 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


938 O 订RoL rnⅡl￡RY AND AH I( T S Vd．18 

Otltput eq On contain onlythe present state and do not 

allow the umerU~ ty．Even ifthe polytopic uncertainty 

is converted into norm-~tmded unceminty， the ．叩· 

pmada giveain[4]does not apply协the~j'steIll(1)． 

4 Corteltlsion 

W e have proposed a robust H* output feedback con- 

tmlle~designⅡ d1odfbflinear dine-delay systems with 

polytopic uncea'tainty．Based 0n the notion of quadratic 

stability， a sttt~cldcnt eondition，under which a robust 

H strictly pmper dyn~ ic outputfeedback eonlrollerof 

full order exists，has b∞n derivedin reims of ql妇 c 

matrix inequalities．By Ⅱx目Ⅱs of their solutions． the 

contiolle~hasbeen comtnm ed，which stabilizesflae sys— 

tella and achiev~ a口瑶scIi嘲 level ofH 一norlll bound 

ofthe closed-loop system．It has been shown that in 

9 I cases such quadratic matrix iaequalities call be 

solved by∞Ⅱ、r ing them into linear matrix iIl。qualides 

wi血 the s目 variables． which carI be ramaerically 

solved very efficiently，s∞，e．g．，l5J． 
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